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Unraveling the protective mechanisms of Chuanfangyihao
against acute lung injury: Insights from experimental validation
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Abstract. Chuanfangyihao (CFYH) is an effective treatment
for acute lung injury (ALI) in clinical practice; however, its
underlying mechanism of action remains unclear. Therefore,
the aim of the present study was to elucidate the pharma-
cological mechanism of action of CFYH in ALI through
experimental validation. First, a rat model of ALI was estab-
lished using lipopolysaccharide (LPS). Next, the pathological
changes in the lungs of the rats and the pathological damage
were scored. The wet/dry weight ratios were measured, and
ROS content was detected using flow cytometry. ELISA
was used to examine IL-6, TNF-a, IL-1f3, IL-18, and LDH
levels. Immunohistochemistry was used to detect Beclin-1
and NLRP3 expression. Western blotting was performed to
analyze the expression of HMGBI1, RAGE, TLR4, NF-«B
p65, AMPK, p-AMPK, mTOR, p-mTOR, Beclin-1, LC3-11/1,
p62, Bcl-2, Bax, Caspase-3, Caspase-1, and GSDMD-NT. The
mRNA levels of HMGBI1, RAGE, AMPK, mTOR, and HIF-1a
were determined using reverse transcription quantitative PCR.
CFYH alleviated pulmonary edema and decreased the expres-
sion of IL-6, TNF-a, TLR4, NF-xB p65, HMGB1/RAGE,
ROS, and HIF-1a. In addition, pretreatment with CFYH
reversed ALI-induced programmed cell death. In conclusion,
CFYH alleviates LPS-induced ALI, and these findings provide
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a preliminary clarification of the predominant mechanism of
action of CFYH in ALIL

Introduction

Acute lung injury (ALI) is a hyper-inflammatory syndrome
characterized by progressive dyspnea and refractory hypox-
emia. It is caused by various pathogenic factors, both internal
and external to the lung (1). These factors contribute to the
dysregulation of lung function, leading to the development of
ALI. Moreover, when the condition of patients with ALI dete-
riorates and the oxygenation index decreases to PaCO,/FiO,
<200 mmHg (1 mmHg=0.133 kPa), severe acute respiratory
distress syndrome (ARDS) develops (2). ALI and ARDS are
the leading causes of acute respiratory failure, with an inci-
dence of 789 per 100,000 people per year in the United States,
according to a report in 2005 (3). Globally, the mortality rate
for ALI and ARDS is 30-40% (4). While the cascade of inflam-
mation is considered the typical pathogenesis of ALI/ARDS,
there are still several controversies surrounding this mecha-
nism (5). Based on the pathophysiological changes and
clinical manifestations of ALI/ARDS, its treatment measures
can be divided into mechanical ventilation support and drug
therapy (6-8). Mechanical ventilation adopts a protective lung
ventilation strategy, which is considered the cornerstone of the
treatment of ALI/ARDS (9). Drug therapy primarily includes
anti-inflammatory agents, antioxidants, vasodilators, and lung
surfactants (10). Unfortunately, despite significant progress in
treatment methods for ALI/ARDS, the clinical mortality rate
remains high (11). Therefore, there is an urgent to identify safe
and effective treatment methods. In recent years, with the deep-
ening research on the prevention and treatment of ALI/ARDS
using traditional Chinese medicines (TCMs), numerous basic
studies have demonstrated the beneficial effects of TCM on
ALI/ARDS (12). CFYH is a TCM formula that was developed
for ALI, which consists of the following ingredients: Poria
Cocos (Schw.) Wolf. (Fu ling), Zingiber Officinale Roscoe
(Sheng jiang), Atractylodes Macrocephala Koidz. (Bai zhu),
Typhonii Rhizoma (Fu zi), Hedysarum Multijugum Maxim.
(Huang qi), Angelicae Sinensis Radix (Dang gui), Radix
Paeoniae Rubra (Chi shao), Pheretima Aspergillum (Di long),
Chuanxiong Rhizoma (Chuan xiong), Carthami Flos (Hong
hua), and Persicae Semen (Tao ren). CFYH is designed to
remove water from the lungs, and relieve coughs and asthma.
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Our previous clinical studies have confirmed that CFYH is
effective for the treatment of ALI/ARDS, and it has been shown
to reduce the risk of progression to severe disease (13,14). In
the present study, the underlying mechanisms of action of
CFYH in ALI/ARDS were assessed to provide evidence-based
support for its integration into clinical practice, increasing
treatment options and improving patient outcomes.

Materials and methods

Reagents. LPS (cat. no. 0000081275; purity>99% by HPLC)
was purchased from MilliporeSigma. Dexamethasone acetate
tablets (Dex; cat. no. H51022823; 0.75 mg/tablet) were
obtained from Chengdu No. 1 Pharmaceutical Co. Ltd. BCA
Protein Concentration Determination Kit (cat. no. MA00S82),
Rapid Gel Kit (cat. no. MA0159), and ECL chemilumines-
cence kit (cat. no. MA0186) were purchased from Dalian
Meilun Biotechnology Co., Ltd. The cDNA First Strand
Synthesis Kit (cat. no. FP205) and 2x SYBR Green PCR
MasterMix (cat. no. KR118) were purchased from Tiangen
Biochemical Technology Co., Ltd. RNA Extraction Kit (cat.
no. R1200) was purchased from Beijing Solarbio Technology
Co., Ltd. ELISA kits for IL-6 (cat. no. 22A109), TNF-a
(cat. no. 22A116), and IL-1p (cat. no. ITWESPMAF6) were
purchased from Excell Biochemical Technology Co., Ltd.
Antibodies against NF-kB p65 (cat. no. 380172), HMGBI1
(cat. no. R22773), RAGE (cat. no. 381618), HIF-1a (cat.
no. 340462), AMPK al (cat. no. 380431), phospho-AMPK al
(Thr183)/AMPK a2 (Thrl72) Rabbit pAb (cat. no. 383462),
mTOR/phospho-mTOR (Ser2481) Rabbit pAb (cat.
no. 381548), LC3A/B (cat. no. 306019), Bax (cat. no. 380709)
and SQSTM1/p62 Rabbit mAb (cat. no. R27312) were
purchased from Chengdu Zhengneng Biotechnology Co.,
Ltd. Antibodies against TLR4 (cat. no. AF7017), NLRP3 (cat.
no. DF7438), GSDMD-NT (cat. no. AF4012), and caspase-3
were obtained from Affinity Biologicals Co., Ltd. Reactive
oxygen Species testing kit (cat. no. S0033S) was purchased
from Shanghai Biyuntian Biotechnology Co., Ltd. LDH (cat.
no.20210803) was obtained from Nanjing Jiancheng Biological
Co., Ltd. Antibodies against Beclin-1 (cat. no. 11306-1-AP),
Bcl2 (cat. no. 26593-1-AP), Caspase-1/P20/P10 Polyclonal
Antibody Bcl2 Polyclonal Antibody (cat. no. 26593-1-AP),
Caspase-1/P20/P10 Polyclonal Antibody (cat. no.22915-1-AP)
were obtained from Wuhan Sanying Biotechnology Co., Ltd.
Rat IL-18 (cat. no. E-EL-R0567c) was purchased from Wuhan
Elite Biotechnology Co. Ltd.

Preparation of CFYH.The drug composition of CFYH is shown
in Table I. The Chinese herbal medicines that constitute CFYH
were provided by the Sichuan New Green Pharmaceutical
Technology Development Co., Ltd. All medicinal materials
were extracted twice with boiling water, combined with the
filtrate, and concentrated to form a decoction (2.0 g/ml). The
middle dose was calculated according to the equivalent dose
in rats, which was ~6.3x that of a 70 kg adult (15). Therefore,
the dose of CFYH in rats was 41.13 g/kg/day. The lowest dose
of CFYH was 20.565 g/kg/day, and the highest dose was
82.26 g/kg/day. Based on the required concentration of CFYH,
pure water was added and stored at room temperature until
further use.

Animals and experimental design. The experimental proce-
dure was approved by the Medical Ethics Committee of the
Sichuan Academy of TCM [grant no. SYLL (2022)-039] (16).
We strictly followed the replacement, reduction, and refine-
ment principle, and adhered to the National Institutes of
Health Guidelines for the Care and Use of Laboratory
Animals and ARRIVE Animal Research guidelines (17). The
experiments were performed as shown in Fig. 1. A total of 36
male Sprague-Dawley rats (10-week-old, weighing 180-220 g)
were provided by the Experimental Animal Center of Sichuan
University [license no. SCXK (Sichuan) 2018-026, certificate
no. 00116050]. They were housed in specific-pathogen-free
environments at the Sichuan Academy of TCM (12 h dark/light
cycle; humidity, 55+5%; temperature, 25+1°C), and provided
with ad libitum access to a standard diet and water.

The rats were adaptively fed for 1 week and then divided
into groups as follows (n=6/group): i) sham group, ii) LPS
group (10 mg/kg), iii) Dex (DEX) group (0.27 mg/kg/day) (18),
iv) CFYH low dose group (20.565 g/kg/day), v) CFYH medium
dose group (41.13 g/kg/day), and a vi) CFYH high dose group
(82.26 g/kg/day). The sham and LPS groups received oral
gavage of saline (2 ml), whereas the other groups received
the corresponding drugs twice daily for 5 days. A total of
12 h after the final administration, rats in the sham group
were intratracheally administered normal saline (10 mg/kg),
whereas those in the other groups were intratracheally admin-
istered LPS (10 mg/kg). The dosage and usage of LPS were
determined based on previous literature (19,20). The prepara-
tion method was as follows: 10 mg LPS was dissolved in 10 ml
normal saline and stored away from light. After a 24-h period
following the establishment of the LPS model, all rats were
sacrificed by injecting 3% pentobarbital sodium.

Lung wet/dry (W/D) weight ratio. After sacrificing the rats, a
portion of the right lung tissue was removed and weighed to
obtain the wet weight (W), and then it was dried in an 80°C
incubator for 48 h to obtain the dry weight (D).

Histological analysis. Another region of the lung tissue was
soaked in 4% formaldehyde for 24 h at room temperature,
embedded in paraffin, cut into 3 ym sections, and stained with
hematoxylin-eosin (H&E) at room temperature for 5 min.
Finally, the samples were observed at 20x magnification using
a light microscope and scored. The scoring criteria were as
follows: i) alveolar congestion; ii) hemorrhage; iii) infiltra-
tion or aggregation of neutrophils in airspace or vessel wall;
and iv) thickness of alveolar wall/hyaline membrane forma-
tion (21). Each item was scored on a five-point scale as follows:
0, minimal damage; 1, mild damage; 2, moderate damage; 3,
severe damage; and 4, maximal damage.

ROS content of lung tissue. The lung tissues were flushed with
PBS, and 1 ml collagenase was added to dissociate the tissues,
which were then incubated at 37°C for 10 min. Digestion was
terminated with 3% FBS and filtered with a 40-um cell screen.
Then, 10 ml PBS was added, and the mixture was centrifuged
at 186 x g for 5 min at room temperature to remove the superna-
tant. 2',7'-dichlorofluorescein diacetate (DCFH-DA) was diluted
with a serum-free medium at a ratio of 1:1,000, resulting in a
final concentration of 10 gmol/l. After adding 500 pl diluted
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Table I. Ingredients list of Chuanfangyihao.

Medicine Latin name Weight, g Place of production in China Batch no.
Fu ling Poria Cocos (Schw.) Wolf. 9 Yunnan 21060033
Sheng jiang Zingiber Officinale Roscoe 9 Sichuan 20060086
Bai zhu Atractylodes Macrocephala Koidz. 6 Hebei 21030002
Fu zi Typhonii Rhizoma 9 Sichuan 20120037
Huang qi Hedysarum Multijugum Maxim. 40 Gansu 21030101
Dang gui Angelicae Sinensis Radix 10 Gansu 21020050
Chi shao Radix Paeoniae Rubra 20 Sichuan 20100082
Di long Pheretima aspergillum 10 Guangxi 21030065
Chuan xiong Chuanxiong Rhizoma 20 Sichuan 21050011
Hong hua Carthami Flos 15 Xinjiang 21020096
Tao ren Persicae Semen 15 Gansu 20040082
)
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Figure 1. Schematic of the experimental protocols of the present study. CFYH, Chuanfangyihao; H&E, hematoxylin and eosin; W/D: ratio of wet weight to dry

weight of lung tissue; LPS, lipopolysaccharide; RT, reverse transcription.

DCFH-DA, the samples were incubated in a cell culture box
at 37°C for 20 min. The cells were rinsed three times with
serum-free cell culture medium. Finally, the cells were resus-
pended in PBS, and FITC fluorescence was detected using a
CytoFLEX flow cytometer (Beckman Coulter, Inc.) with
CytExpert software (version, 2.3.0.84; Beckman Coulter, Inc.).

ELISA. Lung tissues (100 mg) were rinsed with PBS and dried
on filter paper. The lung tissue was homogenized, and the
homogenate was centrifuged at 5,000 x g for 10 min at 4°C to
obtain the supernatant for analysis. TNF-a, IL-6, IL-18, IL-1p,
and LDH levels were determined in the lung tissue homog-
enates using specific ELISA Kkits.

Immunohistochemistry assay. The paraffin-embedded lung
sections were dewaxed with xylene and rehydrated using an

ethanol gradient. The slices were completely immersed in
citrate buffer and heated for 20 min at 100°C. After cooling
naturally, the samples were washed with PBS three times. The
sections were incubated in 3% H,0O, for 20 min and washed
with PBS. Then, the sections were incubated with the primary
antibody for 2 h at 37°C and washed with PBS three times. The
secondary antibody was added, and the sections were incu-
bated for 15 min and washed with PBS three times. DAB was
added to the sections for color development, hematoxylin was
used for re-dyeing at room temperature, and neutral glue was
used to seal the sections and observed under a microscope.

Western blot analysis. Lung tissues were fully homogenized to
extract proteins, and the protein concentration was determined
using a BCA kit. Equal quantities of protein were separated
by 10% SDS-PAGE and transferred onto PVDF membranes.
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Table II. Sequences of the primers.

Gene Forward primer, 5'-3' Reverse primer, 5'-3'

HMGBI1 GCGCGCGCCAGGAAAAT GCCTTTGATTTTTGGGCGGT
RAGE GGGTCACAGAAACCGGTGAT ATCATGTGGGCTCTGGTTGG
AMPK CAAACACCAAGGCGTACG TGCTCTACACACTTCTGCCAT
mTOR CGTCACAATGCAGCCAACAA AACAAACTCGTGCCCATTGC
HIF-1a TCCTGCACTGAATCAAGAGGTTGC ACTGGGACTGTTAGGCTCAGGTG
[B-actin CGTTGATATCCGTAAAGACC TACATAACAGTCCGCCTAGAAG

The membranes were blocked with 5% skim milk for 1 h at
room temperature, then washed three times and incubated
with primary antibodies overnight at 4°C. The following
day, the membranes were washed three times with PBS for
10 min each and then incubated with a secondary antibody for
2 h at room temperature. Finally, the membrane was washed
three times for 10 min. Protein bands were detected using an
enhanced chemiluminescence detection kit. ImageJ (version,
1.51j8; National Institutes of Health) was used for the densi-
tometry analysis.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
was extracted from rat lung tissues using a total RNA extrac-
tion kit (Beijing Solarbio Technology Co., Ltd.) according
to the manufacturer's instructions. The RNA was reverse
transcribed into cDNA using the FastKing cDNA first-strand
synthesis kit produced by Tiangen Biochemical Technology
Co., Ltd. according to the manufacturer's protocol. gPCR was
then used to determine the relative expression of HMGBI,
RAGE, AMPK, mTOR, and HIF-la. Primer sequences are
listed in Table II. Thermocycling conditions were as follows:
95°C for 15 min; then 40 cycles of 95°C for 10 sec, 55°C for
20 sec and 72°C for 30 sec. Compared with housekeeping gene
(B-actin), the relative mRNA expression was calculated using
the 224% method and expressed as the change compared with
the control group (22).

Statistical analysis. SPSS version 26.0 (IBM Corp.) and
GraphPad Prism version 8.0 (GraphPad Software, Inc.) were
used for data processing and developing the figures. Data
are presented as the mean + SD (23). When multiple groups
were compared, ANOVA was used for parametric data and
Kruskal-Wallis was used for multiple groups that were
non-parametric. Pair-based comparison of homogeneous
variances were evaluated using Tukey's test, heterogeneous
variances were determined using Dunnett's T3 test. P<0.05
was considered to indicate a statistically significant difference.

Results

Protective effect of CFYH on ALI

Effect of CFYH on lung histopathology. The H&E staining
results (Fig. 2) showed that the lung tissue structure of rats
in the sham group was normal, while that of rats in the LPS
group showed thickening of the alveolar wall and widening of
the alveolar septum, along with a large number of red blood
cells and inflammatory cells in the alveolar cavity, and the

lung tissue damage score was significantly increased. In the
CFYH and Dex groups, the infiltration of red blood cells and
inflammatory cells into the lung tissue decreased, and the
thickness of the alveolar wall decreased. The decrease in lung
tissue inflammation was most marked in the low-dose CFYH
group, and the lung tissue injury score was significantly lower
(Fig. 3A). The W/D weight ratio can be used to reflect pulmo-
nary edema. The W/D weight ratio in the LPS group was
substantially higher than that in the sham group. As shown
in Fig. 3B, the W/D weight ratio decreased after pretreatment
with CFYH and Dex, especially at low and medium doses of
CFYH.

CFYH downregulates the expression of IL-6 and TNF-o. in
lung tissues. ALI is characterized by the presence of inflam-
matory cytokines. ELISA results showed that LPS exposure
resulted in increased expression of IL-6 and TNF-o compared
to that in the sham group. However, IL-6 was significantly
reduced in the low and medium-dose CFYH group, and
TNF-a was notably decreased in the low and medium-dose
CFYH and Dex groups (Fig. 3C and D).

Effects of CFYH on oxidative metabolism in rats with
LPS-induced ALI. ROS content was analyzed by flow cytom-
etry, and the results revealed that ROS levels increased in the
LPS group, whereas they were downregulated in the CFYH
and Dex groups (Fig. 3E).

Effects of CFYH on HMGBI/RAGE signaling. Western blot-
ting was used to detect the expression of NF-kB P65, TLR4,
HMGBI, and RAGE protein expression levels. As shown in
Figs. 4A-E and 5, LPS stimulation enhanced the levels of
NF-«xB P65, TLR4, HMGBI, and RAGE. In contrast, CFYH
and Dex pretreatment markedly reversed this effect. The
expression of NF-kB P65 was notably reduced in the low and
medium-dose CFYH groups and Dex group. TLR4 expression
also decreased in the CFYH and Dex groups. Simultaneously,
HMGBI expression in the low and medium-dose CFYH
groups was markedly reduced, and the results of RT-qPCR
were consistent with these results. The expression levels
of RAGE in the low and medium-dose CFYH groups and
Dex group were markedly decreased. The RT-qPCR results
revealed that RAGE mRNA levels decreased after CFYH and
Dex pretreatment. Compared with the Dex group, the low-dose
CFYH group was more noticeably reduced (Fig. 4D-F).

The effect of CFYH on HIF-1a was analyzed by PCR; LPS
resulted in HIF-1o upregulation, but pretreatment with CFYH
inhibited these effects, especially in the low and medium-dose
groups (Fig. 3F).
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Figure 2. H&E staining of lung tissues from the Sham, LPS, Dex, low dose CFYH group, medium dose CFYH group, and high dose CFYH group. Green
arrows show inflammatory exudates; yellow arrows show clear hemorrhaging; black arrows show inflammatory infiltration. CFYH, Chuanfangyihao; H&E,
hematoxylin and eosin; Dex, Dexamethasone group; LPS, lipopolysaccharide group.

Effects of CFYH on the death pattern of lung cells in ALI rats

CFYH promotes autophagy in LPS-induced ALI.
Western blotting was performed to detect AMPK, mTOR,
phospho-AMPK, and phospho-mTOR (Fig. 5B). The
phospho-AMPK/AMPK ratio was noticeably higher in
the low dose CFYH group than in the LPS group. The
phospho-mTOR/mTOR expression ratio was lower in the LPS
group than in the sham group. Following pretreatment with
CFYH and Dex, the phospho-mTOR/mTOR ratio decreased.
The PCR results for AMPK and mTOR mRNA were consis-
tent with those of western blotting (Fig. 6A-D).

The expression levels of LC3-II/I, Beclin-1, and P62 were
detected using western blotting (Fig. 5B). The results showed
that the LC3-II/I ratios of the CFYH and Dex groups were
markedly higher than those of the LPS group, and the CFYH
low dose group was higher than in the Dex group. Similarly,
Beclin-1 protein expression levels were significantly higher
in the low and medium-dose CFYH groups than in the LPS
group. The expression trends of P62 at the protein level in the
LPS group were reversed by CFYH and Dex, particularly in
the low-dose CFYH group (Fig. 6E-G). Immunohistochemical
analysis showed that the average optical density of Beclin-1
was higher in the low-dose CFYH group than in the LPS group
(Fig. 7A and C). These results indicated that CFYH enhanced
autophagy in LPS-induced lung injury.

CFYH inhibits apoptosis in the LPS-induced ALI rat
model. To elucidate the relationship between LPS exposure
and apoptosis, the expression of apoptosis-related proteins
was determined. Compared to the LPS group, the expression
levels of Bax protein in the low and medium-dose CFYH

groups were markedly reduced. LPS exposure led to a notable
increase in the expression of Caspase-3 at the protein level,
and this increased expression of caspase-3 was inhibited by
pretreatment with CFYH and Dex, especially by the low-dose
CFYH group. The expression levels of Bcl-2 protein in the low
and medium-dose CFYH and Dex groups were notably higher
than those in the LPS group (Figs. 5B and 6H-J). These results
suggested that CFYH suppressed apoptosis in LPS-triggered
lung injury.

CFYH attenuates pyroptosis of LPS-induced ALI.
Pyroptosis mediated LPS-induced pulmonary dysfunction.
The protein expression of GSDMD-NT and Caspase-1
was examined by western blotting (Fig. 5B). These results
suggest that the protein expression levels of GSDMD-NT
and Caspase-1 in the lung tissues of the LPS group were
markedly increased. The expression levels of GSDMD-NT
were markedly reduced in the low and medium-dose
CFYH and Dex groups. Additionally, the expression levels
of Caspase-1 protein in the low and medium-dose CFYH
groups were significantly downregulated (Fig. 6K and L).
Immunohistochemical analysis was performed to detect
NLRP3 expression. The mean optical density of NLRP3 was
lower in the low and medium-dose CFYH groups than in the
LPS group (Fig. 7B and C).

When a cell undergoes pyroptosis, the cell membrane is
ruptured, and LDH is released extracellularly. ELISA was
used to detect LDH levels, and the results showed that the LDH
content in the CFYH group was notably lower than that in the
LPS group (Fig. 6M). Furthermore, the low and medium-dose
CFYH groups and Dex group reversed the effects of the LPS
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Figure 3. Analysis of pathological score, W/D, IL-6, TNF-a, ROS, and HIF-1a. (A) Pathological score of lung tissue. (B) W/D weight ratio of lung tissue.
(C and D) IL-6 and TNF-a levels were determined by ELISA. (E) ROS levels were determined by flow cytometry assay. (F) HIF-1a levels were determined
by quantitative PCR. "P<0.05, “P<0.01 vs. sham group; *P<0.05, #P<0.01 vs. LPS group; “4P<0.01 vs. Dex group. W/D: ratio of wet weight to dry weight of

lung tissue; ROS, reactive oxygen species.

group on IL-18 and IL-1f (Fig. 6N and O). These results indi-
cate that CFYH alleviated pyroptosis.

Taken together, these results suggest that CFYH attenu-
ated LPS-induced ALI in rats by regulating autophagy and
repressing apoptosis and pyroptosis.

Discussion

In the present study, the potential pharmacological mecha-
nism of CFYH in the management of ALI was investigated.
The results revealed that CFYH effectively attenuated
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Figure 4. (A) NF-«B P65, (B) TLR4, and (C) HMGBI protein expression levels were determined by western blotting. (D) HMGB1 mRNA expression levels
were determined by PCR. (E) RAGE protein expression levels were determined by western blotting. (F) RAGE mRNA expression levels were determined by

PCR. “P<0.01, ""P<0.001 vs. sham group; “P<0.05, “P<0.01 vs. LPS group; “P<0.05, ““P<0.01vs. Dex group.

onset and high fatality rate (24). Its impact is extensive and
far-reaching (25), imposing a substantial economic burden
on individuals and society. Moreover, it severely impairs
the quality of life of patients, with lasting effects persisting

histopathological damage in a rat model of ALI induced using
LPS while inhibiting apoptosis, pyroptosis, and inflammation.

ALI/ARDS is one of the leading causes of death in severe
clinical cases of lung disease, characterized by its rapid
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for up to 5 years after recovery (26). Unfortunately, there is
currently no specific treatment available for this disease in the
clinical practice (27). Therefore, effective prevention of ALI
in its early stages and halting its progression to ARDS remain
critical challenges that demand urgent attention (28).
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In recent years, the application of TCM preparations and
extracts for the prevention and treatment of ALI has garnered
increasing attention from scholars (29). However, the chemical
composition of TCM is complex, and not all compounds have
pharmacological activity. This complexity poses a challenge to
comprehensively studying the potential mechanism of Chinese
medicinal formulations (30). The pathogenesis of ALI is
intricate, and a single drug cannot achieve the expected thera-
peutic effect. TCM formulations can exert therapeutic effects
through the synergistic actions of various pharmacologically
active compounds (31). Through experimental verification, it
was systematically elucidated the possible pharmacological
mechanism of CFYH against ALI in the present study.

CFYH is derived from the classical, TCM prescriptions,
Zhenwu concoction, and Buyanghuanwu concoction. Studies
have demonstrated that Zhenwu concoction protects mito-
chondrial function and attenuates apoptosis (32,33). It has
also shown potential in alleviating symptoms and promoting
heart pulmonary function in patients with acute-stage
chronic pulmonary heart disease (34). Buyanghuanwu
concoction diminished the generation of Keapl, upregulated
Nrf2 expression, and promoted the expression of HO-1 in a
bleomycin-induced model (35). CFYH may be a promising
method for managing lung disorders in clinical practice due
it favorable efficacy (13,14), and the favorable safety profile of
CHYF is also a major advantage. The combination of each
Chinese medicine is performed in line with the composition
norms of Chinese medicine formulas (36), and the dosages of
the medicines in CFYH are in agreement with the standards
of the safe use of TCM (37). Thus far, no safety risks have
been found in patients taking CFYH. However, Chinese medi-
cines often have a poor taste, and certain people who are not
accustomed to the taste of Chinese medicines may find CFYH
difficult to swallow.

The results of the present study provide a basis for experi-
ments to verify the role of CFYH in LPS-induced ALI. There
are several pathogenic factors that can lead to the development
of ALI/ARDS, among which gram-negative bacterial infec-
tion-induced ALI accounts for a marked proportion (38). LPS, a
glycolipid complex, is present in the cell wall of gram-negative
bacteria. LPS activates mononuclear macrophages and induces
the synthesis and release of pro-inflammatory cytokines,
chemokines, growth factors, and a variety of other factors (39).
The major toxicity centers and bioactive parts of LPS are
highly conserved and non-species specific, thus the toxic
effects of LPS produced by different strains are similar (40).
Consequently, LPS is often used to construct animal models of
ALLI, as the inflammatory injury induced by LPS in the body
is similar to that of a real infection caused by gram-negative
bacteria (41). In the LPS-induced ALI rats, massive inflam-
matory cell infiltration, alveolar space, interstitial edema, red
blood cell leakage, alveolar wall congestion, and alveolar wall
thickening were observed, indicating the successful establish-
ment of the model. Moreover, the CFYH group alleviated the
histopathological damage of the rat lung tissues to varying
degrees.

Excessive production of inflammatory cytokines and
oxygen free radicals are two major contributors to LPS-induced
ALI Several inflammatory mediators accumulate in the lungs
after LPS stimulation (42). As a common DAMP, HMGBI can



dnoib HA4D
asop ybiy

dnoib HA4D
8S0p WnIpay

dnoib HA4D

8s0p MO

- dnoub xaq

-

- Sd1

ueys

YNHW MdNY

dnoib HA4D
asop ubiH

dnoib HA4D
2s0p wnipapy

dnoib HA4D

EXPERIMENTAL AND THERAPEUTIC MEDICINE 26: 535, 2023

2s0p Mo

L dnouf xeq

- Sd

weys

1.51

MNdY/MdWY-d

0.0-

AN

Z

dnoib HA4D
asop ybiH

dnoib HAdD
950p Wnipay

| dnoib HA4D

2S0p MO

- dnoub xaq

oy Sdl

weys

1.5

VYNHW Holw

0.0-

| ?%\ dnosb HA4D
asop ybiy

dnosb HA4D
8s0p wnipap

| dnosB HA4D
¥* —I.W as0p Mo

- dnoub xaQ

- Sd1

ureys

1.5 1

0.0 -

HolwMHolw-d

asop ybiH

dnoi HA4D
2s0p wnipay

dnoib HAd4D

2s0p Mo

1 ~ dnoub xaq

a]n e Ta e ] Sd1

weys

1.5

##

L)
ot
o

0.0~

L-uljpeg

dnoab HAJD
esop ybiH

5

dnoib HA4D
asop wnipapy

#i#

T dnoib HA4D

L 8s0p Mo

s T’._ - dnoub xeq

- Sd1

s

weys

2.0
1.5

T T
< ot
(=]

r—

1M1-€01

TLR4 on the cell surface, activating several downstream
inflammatory signaling pathways and inducing inflammatory
mediators such as NF-kB, IL-6, and TNF-a, thus enhancing
the inflammatory response in lung tissues. This interaction
between HMGBI1 and inflammatory cytokines creates a

Figure 6. Continued.

tant late inflammatory factor in the inflammatory response

of ALI/ARDS, and its synthesis and release directly affect
the occurrence and development of ALI/ARDS (43,44).

amplify the inflammatory cascade, and it is also an impor-
Extracellular HMGBI binds to receptors such as RAGE and
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Figure 6. Continued.

by mitochondria (46), which produce large quantities of ROS
during hypoxia. ROS damage of pulmonary microvascular

vicious cycle, aggravating the degree of respiratory dysfunc-

tion and lung injury.

endothelial cells and epithelial cells, increases pulmonary

LPS-induced inflammation is often accompanied by
hypoxia (45). A continuous supply of ATP is key to maintaining
physiological activities. ATP synthesis is primarily performed

vascular permeability, and leads to the formation of pulmo-

nary edema (47-49). Both hypoxia and inflammation can
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Figure 6. (A) The levels of p-AMPK/AMPK were determined by western blotting; (B) The mRNA expression levels of AMPK were determined by PCR.
(C) The levels of p-mTOR/mTOR were determined by western blotting. (D) The mRNA expression levels of mTOR were determined by PCR. The levels of
(E) LC3-1I/1, (F) Beclin-1, (G) P62, (H) Bax, (I) Caspase-3, (J) Bcl-2, (K) GSDMD-NT and (L) Caspase-1 were determined by western blotting. The levels of
(M) LDH, (N) IL-18 and (O) IL-1p were determined by ELISA. "P<0.05, “P<0.01 vs. sham group; “P<0.05, *P<0.01 vs. LPS group; ¥P<0.05, ¥4P<0.01 vs. Dex
group. P, phosphorylated; LC3, microtubule-associated protein 1 light chain 3; HMGBI, high mobility group box 1; RAGE, receptor for advanced glycation
end products; NLRP3, NOD-like receptor thermal protein domain associated protein 3; GSDMD-NT, gasdermin D N-terminal.

stimulate the upregulation of HIF-1a. (50,51). HIF-1a is also an
important inflammatory regulator that promotes the release of
various pro-inflammatory factors, such as TNF-a, IL-1, and
IL-6, which further aggravates the pulmonary inflammatory
response through their interactions (52,53). These results show
that HMGBI and RAGE at the protein and mRNA level, IL-6,
TNF-a, NF-«B P65, TLR4, and ROS levels were significantly
increased following LPS induction. Interestingly, these effects
were reversed by CFYH treatment. These results suggest that
CFYH protects against ALI through its anti-inflammatory and
antioxidant effects.

Programmed cell death is often associated with inflam-
mation, and autophagy, apoptosis, and pyroptosis are
involved in the occurrence and development of LPS-related
ALI (38,54-59,60). The entire autophagy process is regulated
by >30 autophagy-related genes (Atgs) (61). AMPK acts as an
energy metabolism switch and activates autophagy by inhib-
iting mTOR phosphorylation (62,63). Microtubule-associated

protein 1 light chain 3 (LC3) is an autophagy marker that
is responsible for regulating the elongation and extension of
autophagosome membranes, and the ratio of LC3-II/I can be
used to estimate the levels of autophagy (64-66). The Atg
Beclin-1 interferes with the formation of autophagosomes at
different stages, and the p62 protein is primarily responsible
for the degradation of autophagy substrates (67,68). When
autophagy occurs, LC3 is transformed from type I to type II,
beclin-1 expression level is increased, and P62 is gradually
degraded (69). The results of the present study showed that
AMPK, LC3-II/1, and Beclin-1 in lung tissues of rats in the
LPS group were increased and significantly decreased after
CFYH intervention. The expression levels of P62 and mTOR
in the LPS group decreased, and CFYH had the opposite
effect. These results suggest that CFYH enhances autophagy.

Bcl-2 and the Caspase families of proteins play important
roles in the regulation of the apoptosis pathway (70). Bax and
Bcl-2 are a pair of positive and negative regulators, with Bax
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Figure 7. Results of immunohistochemistry analysis. (A) Immunohistochemistry analysis of Beclin-1 in the Sham, LPS, Dex, and low, medium, and high-dose
CFYH groups. (B) Immunohistochemistry analysis of NLRP-3 in the Sham, LPS, Dex, and low, medium, and high-dose CFYH groups. (C) The levels
of Beclin-1 and NLRP3 were detected by immunohistochemical analysis. "P<0.05, “P<0.01 vs. sham group; “P<0.05, "*P<0.001 vs. LPS group. CFYH,

Chuanfangyihao; Dex, Dexamethasone group; LPS, lipopolysaccharide group.
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Figure 8. The protective effect of CFYH on LPS-induced lung injury and the underlying mechanism of action. CFYH pretreatment significantly protected
against LPS-induced lung injury through the reduction of oxidative stress and inflammation and altering cell death patterns, mediated by the activation of the

AMPK/mTOR and HMGB1/RAGE signaling pathways.

promoting apoptosis and Bcl-2 preventing apoptosis (71).
Caspase-3 is located downstream of different apoptosis path-
ways and is a key executioner of apoptosis, and its cleavage
indicates a commitment to apoptosis (72). The experimental
results of the present study showed that the expression levels
of Bax and Caspase-3 were significantly increased in the LPS
group, which could not be reversed by Dex, but was reversed
by CFYH. After CFYH intervention, Bcl-2 protein levels were
significantly higher than those in the LPS group. These results
indicate that CFYH inhibits apoptosis.

Pyroptosis, also known as cell inflammatory necrosis,
is induced by the inflammasome and initiates through
gasdermin-D activation by the inflammatory caspase
family, which causes cell membrane perforation, cell lysis,
and the release of cellular contents, such as activated IL-1$
and IL-18. IL-1p and IL-18 inflammatory factors produce
pro-inflammatory signals, which amplify the inflammatory
response and lead to ‘pathological suicide’ of the cell (73). The
occurrence, development, and severity of ALI depend on this
process (74-78). The results of the present study showed that
the levels of key pyroptosis proteins in the LPS group were
significantly higher than those in the sham group. After CFYH
intervention, the expression of all the measured proteins was
reduced to varying degrees. Although none of the indica-
tors showed obvious dose dependence in the low, medium,
and high-dose CFYH groups, as a whole, CFYH blocked
pyroptosis in rats with ALI.

The functional relationship between autophagy, apop-
tosis, and pyroptosis is complicated and subtle (79,80).
Studies have shown that when cells are subjected to a level
of low environmental pressures (slight or early inflamma-
tion), they initiate autophagic mechanisms to overcome the
pressure, and autophagy increases sharply. This increase
in autophagy inhibits the apoptosis and pyroptosis of cells.
Conversely, under severe inflammatory conditions, the body
initiates the mechanism of apoptosis and pyroptosis, leading
to further damage (81-86). The AMPK/mTOR signaling
pathway, as an important signaling pathway regulating the
autophagy-apoptosis-pyroptosis balance, has been shown to
play a key role in the improvement of ALI.

The design of the present study was based on the concept
of prevention (87,88), and the purpose was to observe whether
Chinese medicines had a therapeutic effect for the treatment
of ALI, after reaching its requisite blood concentration in
animals. Future studies will focus on the idea of developing
and administering TCM after therapeutic modeling.

In conclusion, it was shown that CFY H exhibited a favorable
effect against LPS-induced ALI. This protective effect may
be mediated by downregulating the HMGB1/RAGE signaling
pathway, reducing the release of inflammatory factors, inhib-
iting oxidative stress, activating the AMPK/mTOR signaling
pathway, enhancing lung cell autophagy, and inhibiting lung
cell pyroptosis and apoptosis (Fig. 8). These results suggest
that CFYH has anti-inflammatory, anti-stress, and anti-apop-
tosis properties. The present study provides a theoretical basis
for the clinical application of CFYH in the treatment of ALI.
However, an in-depth study of these mechanisms requires
further investigation.
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